It has been found that foral induced stems of flowering tobacco (Nicotiana tabacum cv. Wis. 38) plants contain large amounts of rapidly renaturing DNA, whereas noninduced stems of vegetative plants contain only small amounts. In addition, it has been shown that the striking qualitative difference in DNA between stems of flowering and vegetative plants mimics the over-all quantitative difference in DNA content (on a fresh weight basis). Therefore, the extra DNA in stems of
It has been discovered (1) that stem segments cut from internodes in the inflorescence region of a day-neutral tobacco (Nicotiana tabacum cv. Wis. 38) plant and cultured in vitro have attained, by the time they are cultured, the capability to form de novo flower buds; and it has been shown (19) that IAA inhibits in vitro flowering of such segments while at the same time enhancing their capability to form vegetative buds. Indole-3-acetic acid also has been shown (17, 21) to influence DNA synthesis. Low concentrations of IAA promote DNA synthesis in stem segments from vegetative plants and inhibit it in stem segments from flowering plants. Taking all these results together, it has been suggested that the opposite effects of IAA on both DNA synthesis and bud expression may be connected. On this basis, it has been proposed that stem segments of vegetative and flowering plants may differ in their DNA make- been reported (18) . It has been shown that solutions containing DNA from stems of flowering plants effect flowering of vegetative plants, and solutions containing DNA from stems of vegetative plants are ineffective. In addition, the capability of a solution containing DNA from stems of flowering plants to effect flowering is enhanced considerably by heating the solution and then plunging it into ice water. On the other hand, heating and rapidly cooling a solution containing DNA from stems of vegetative plants does not produce any flowering capability.
The above results provide only circumstantial evidence that stems of vegetative and flowering plants differ in their DNA make-up. Nevertheless, they do indicate that regardless of its exact nature, there is a substance capable of effecting flowering of vegetative plants that is concentrated in solutions containing DNA from stems of flowering plants which is not concentrated in solutions containing DNA from stems of vegetative plants.
To gain some insight into the nature of that substance, the requirement for intact DNA has been tested (18) . By mixing a solution containing DNA from stems of flowering plants with DNase I, it has been demonstrated that the enzyme chops the DNA into small fragments and that a heated-cooled solution containing these fragments can no longer effect flowering. In addition, it has been shown that the heat treatment completely inactivates the DNase I. Thus, the flower-inducing ability of heated-cooled DNA solution is dependent upon intact DNA. Assuming that the flower-inducing substance is DNA, it may be that DNA in stems of flowering plants differs in some observable manner from DNA in stems of vegetative plants. It has been seen many times that after heating and rapidly cooling viscous solutions of DNA, those containing DNA from stems of vegetative plants lose their viscosity and those containing DNA from stems of flowering plants remain viscous. The loss of viscosity by DNA solution is evidence for the formation of denatured DNA, while the retention of viscosity by DNA solution suggests the formation of rapidly renatured DNA. Consequently, a heated-cooled solution of DNA from stems of flowering plants may contain a concentrated rapidly renatured DNA fraction that is not concentrated in a heated-cooled solution of DNA from stems of vegetative plants. In this report, several experiments will be presented that confirm this idea, and rapidly renatured DNA from stems of flowering plants will be shown to be a flower-inducing substance.
MATERIALS AND METHODS Isolation of DNA. Deoxyribonucleic acid was extracted from stems of vegetative and flowering tobacco (Nicotiana tabacum cv. Wis. 38) plants as described in previous reports (17, 21) except that in the grinding medium of the tissue homogenate method, the amount of 2-mercaptoethanol was doubled. Purchased Escherichia coli DNA, used as carrier (see Table I and   885 Fig. 1), was isolated at the Worthington Biochemical Corporation by the Marmur procedure (9) .
Heated-Cooled DNA. A sample of DNA (1 mg/ml) was dissolved in buffer solution. (The buffer referred to here and elsewhere in this report was 0.14 M NaCI-20 mm tris-Cl, pH 7.3.) Then the DNA solution was heated (2 hr at 95 C) and was cooled rapidly (ice water).
CsCl-DNA Solution. A DNA (1 mg/ml) sample (0.20-0.25 ml) and enough 0.05 M tris-Cl (pH 8) solution to increase the sample volume to 2 ml were mixed with CsCl (3.496 g). The CsCl was dissolved, and the refractive index was adjusted to 1.3990 to 1.3993 by adding drops of H20. The H20 increased the volume of the solution to about 3.5 ml. A 2.5-ml portion of the solution was transferred into a polyallomer tube (1.27 x 5.08 cm) and enough paraffin oil was layered on top of the solution to fill the tube to within 0.5 cm of the rim.
CsCI Equilibrium Density Gradient Centrifugation. The centrifugation method (6) used here has been described elsewhere (21) except that the centrifuge's chamber temperature was kept at 15 C. Following the long run, the tubes were punctured by hand with an 18-gauge needle, and 1-drop fractions were collected. It should be noted that depending upon who and when the tubes were punctured, the drop sizes and hence the numbers of fractions usually were different. This means that DNAs with identical buoyant densities usually were not in the same fractions of different gradients. In addition, note that for the figures (except Fig. 1 ) consisting of CsCl gradients, the fractions corresponding to the upper and lower ends of the gradients are not shown. These fractions contained no material that either absorbed at 260 nm or displayed radioactivity above background levels.
Absorbance and Radioactivity Measurements. Each 1-drop CsCl fraction was diluted with H20 (0.35 ml), and at 260 nm was obtained in a Beckman DB-G grating spectrophotometer. For those tubes containing radioactive DNA, each of the 0.35-ml fractions was diluted with more H20 (0.65 ml), and the radioactivity was assayed as described previously (21) . All with various amounts of nuclease SI. Each reaction mixture contained 0.2 ml of heated-cooled DNA (1 mg/ml), 0.2 ml of 0.3 M NaAc (pH 4.5), 0.2 ml of 0.3 mm ZnCl, 0.03 to 0.25 ml of nuclease SI (1.6 mg/ml), and sufficient H20 to bring the total volume to 2 ml (12, 16) . The incubations were at 37 C for 30 min, and the reactions were stopped with 0.2 ml of 30 -mm Na2EDTA (12) . The reaction mixtures were frozen immediately in dry ice and were stored in a freezer until needed. Preparatory CsCI-DNA Solution. This procedure mostly reiterates the method already described for making the analytical CsCI-DNA solutions. Heated-cooled solution (1.5 ml) containing about 1 mg of DNA from stems of flowering plants, 2.5 ml of 0.05 M tris-CI (pH 8), and 6.992 g of CsCl were mixed until the CsCl dissolved. The solution's refractive index was adjusted to 1.3990 to 1.3993 by adding about 2 ml of H20. Then a 5-ml sample was transferred into a polyallomer tube (1.59 x 7.62 cm), and enough paraffin oil was put on top of the sample to fill up the tube. This procedure was repeated 11 more times. For another run, several days later, 12 additional tubes were prepared.
Preparatory CsCI Equilibrium Density Gradient Centrifugation. The first 12 tubes containing CsCI-DNA solution were loaded into a Ti-50 rotor and were centrifuged at 40,000 rpm for 65 hr at 15 C. After the centrifugation, the tubes were punctured by hand with an 18-gauge needle, and 3-drop fractions were collected. The fractions suspected of containing DNA (in the middle of the gradients) were diluted with buffer solution (0.25 ml) and were assayed for A 260 nm. The denatured DNA fractions, making up the heavy density shoulder, were discarded, and the peak tubes containing renatured DNA were kept. All of the peak fractions containing renatured DNA were pooled (25 ml). The pooled solution was stored in a freezer. Several days thereafter, the last 12 tubes containing CsCl-DNA solution were centrifuged and were fractionated. The peak fractions containing renatured DNA were kept and were pooled with the stored renatured DNA solution. The total renatured DNA solution (50 ml) was dialyzed for 18 hr at 4 C against 6,000 ml of buffer solution. The DNA then was precipitated by adding 2.1 volumes of cold 95% ethanol to the dialyzed solution. The mixture was centrifuged immediately at 17,000g for 10 min at 4 C, and the precipitate was dissolved in buffer solution (1 mg/ml). The (20, 21) indicates that the greater the capability of a floral induced stem segment to flower in vitro, the greater its DNA content. In order to extend this work, the DNA content in floral induced stems is compared to the DNA content in vegetative stems. Table I shows that DNA is obtained from vegetative stems using the isolated nuclei procedure of Drlica and Knight (5) and from flowering stems using the tissue homogenate procedure of Wardell and Skoog (21) but not vice versa. Since different procedures are needed to extract DNA from stems of vegetative and flowering plants, the yields of DNA clearly are not comparable. To overcome this dilemma, labeled vegetative stem DNA and unlabeled E. coli DNA (used here as a carrier) have been extracted together (tissue homogenate procedure). Results (Table Ic) indicate that the E. coli DNA does bring about the extraction of vegetative stem DNA (assayed by radioactivity).
The actual yield (g) of vegetative stem DNA cannot be determined directly due to the presence of E. coli DNA. To solve this problem, the E. coli and plant DNAs have been separated by CsCl equilibrium centrifugation and compared to flowering stem DNA centrifuged at the same time (Fig. 1) . In Figure lb , some of the E. coli DNA can be seen to overlap the stem DNA. If the overlapping absorbance corresponding to E. coli DNA is subtracted from the absorbance corresponding to vegetative stem DNA, then the stem DNAs in Figure 1 (Table Tb) contain six times more DNA than vegetative stems, and stem pieces with the greatest capability to flower in vitro (Table Id) contain 15 times more DNA than vegetative stems. These results substantiate the general trend, discovered earlier for stem segments of flowering plants, that in vitro flowering capability is correlated with elevated levels of DNA on a fresh wt basis.
The high DNA content in stems of flowering plants is compatible at least with the suggestion that flowering stems may contain substantial amounts of rapidly renaturing DNA and vegetative stems may not. To test this notion directly, experiments based on the fact that an increase in buoyant density occurs when DNA is denatured (4, 15) have been performed. Representative results for DNA from stem nuclei of vegetative plants and for DNA from stem tissue homogenates of flowering plants are presented in Figures 2 and 3 , respectively. For the vegetative plants, it can be seen (Fig. 2c) that, as expected for denatured DNA, heated-cooled DNA (assayed by A at 260 nm) is more dense than the unheated DNA (assayed by radioactivity) added as a marker. For the flowering plants, on the other hand, heated-cooled DNA (Fig. 3c) , as expected for renatured DNA, retains the density of the marker except for a small dense shoulder constituting about 10% of the total DNA.
In earlier work (21) , the density of the [3H]DNA marker has been shown to be identical to unheated DNA (buoyant density = 1.696) from stems of both vegetative (Fig. 2a) and flowering (Fig. 3a) plants. Thermal denaturation studies (21) have confirmed that the heat treatment is sufficient to denature tobacco stem DNA.
The preceding experiments provide some evidence for a substantial qualitative difference in the extractable DNA from of the heated-cooled DNA from stems of flowering plants retains the density of unheated DNA, only about 15% of the heated-cooled DNA from stems of vegetative plants behaves similarly. This suggests that six times more heated-cooled DNA from stems of flowering plants is rapidly renatured than heatedcooled DNA from stems of vegetative plants. It is interesting that this 6-fold qualitative difference in DNA reflects the overall quantitative difference in DNA content (Table I) .
The sizes of heated-cooled DNA from stems of vegetative and flowering plants have been determined by velocity sedimentation through sucrose gradients (Fig. 6) (Fig. 6a ) that unheated DNA from stems of vegetative plants sediments with the 12 S marker, and that its heated-cooled counterpart (Fig. 6b) sediments between the 4 S and 12 S markers. In contrast to the heated-cooled DNA from vegetative plants, heated-cooled DNA from lowering plants (Fig. 6c) bond of heat-denatured DNA), centrifuged in CsCI equilibrium gradients and assayed. For stems of vegetative plants, typical results (Fig. 7) show that heated-cooled DNA is susceptible to attack by a low level of nuclease Sl and that a higher enzyme level (4-or 8-fold) degrades the DNA completely. For stems of flowering plants, representative results are presented in Figure  8 . In Figure 8b , the mixture of unheated [3H]DNA marker and heated-cooled DNA is similar to the pattern already seen in Figure 2c . In Figure 8 The studies on in vitro bud expression in stems of vegetative and flowering tobacco plants (19, 20) now can be extended to include the large difference in rapidly renaturing DNA. As the next step, rapidly renatured DNA has been purified from heated-cooled DNA solution and has been tested (18) to determine if it is a flower-inducing substance.
Approximately 30 mg of DNA have been extracted from stems (uppermost 12 cm) of flowering plants. The purity of the preparation, which has been shown not to contain measurable RNA (assayed for A at 260 nm in a polyacrylamide gel), has been investigated spectrophotometrically (Fig. 9a) . The absorption curve indicates that the unheated DNA possesses a 230/ 260 ratio of 0.46 and a 260/280 ratio of 1.83. The DNA has been heated and cooled, and the rapidly renatured DNA has been isolated from preparatory CsCl equilibrium gradients. The rapidly renatured DNA also has been checked spectrophotometrically (Fig. 9b) . Its absorption curve indicates 230/260 and 260/280 ratios of 0.44 and 1.81, respectively. By comparing curves in Figure 9 , it can be seen that heating and cooling the DNA does not alter the absorption spectrum of rapidly renatured DNA. Next, to make sure that rapidly renatured DNA is free of denatured DNA, a sample has been mixed with unheated [3H]DNA (used as a marker), centrifuged to equilibrium in a CsCl gradient, and analyzed. Figure 10 shows that no significant amount of denatured DNA (heavy shoulder) is present. Comparative results can be seen in Figure 7 , b and e. Finally, the purified rapidly renatured DNA has been tested for floral activity by the procedure already used to demonstrate floral activity in heated-cooled DNA solution (18) . The results are presented in Table II . It can be seen clearly that rapidly renatured DNA does effect flowering of vegetative plants. DISCUSSION The concept that flower induction involves the transition of a vegetative meristem into a flowering one should be modified to include flower induction in stems of several day-neutral plants. For the floral induced stems, in vitro flowering behavior has been studied extensively (1, 3, 10, 13, 14) , and altogether the results have contributed new information concerning the possible actions of several substances long believed to be involved in the flowering process (2, 7, 8, 11, 22) . In recent years, as an extension of our own in vitro studies using stems (1, 20) exhibited by segments cut along the stem axis and cultured in vitro, also is correlated with DNA content (21) . Thus, a gradient in rapidly renaturing DNA also may parallel the floral expression gradient in stems.
Whether or not rapidly renatured DNA (extracted from stems of flowering plants and purified from heated-cooled DNA solution) is capable of effecting flowering of vegetative plants has been tested. I find that the purified DNA is active. This does not mean, of course, that rapidly renatured DNA is necessarily the florally active material within cells, but only that it is the florally active substance supplied to cells. The difficult questions of uptake and fate of rapidly renatured DNA inside cells need careful study before the meaning of these results can be found.
